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ates, and runs up to complete synchronism. The e.m.f. between
the commutator brushes is alternating in starting, with the fre-
quency of slip below synchronism. Thus a direct-current volt-
meter or incandescent lamps connected across the commutator
brushes indicate by their beats the approach of the converter to
synchronism. When starting, the field circuit of the converter
has to be opened or at least greatly weakened. The starting
of the polyphase converter is largely a hysteresis effect and
entirely so in machines with laminated field poles, while in ma-
chines with solid magnet poles or with a1 short-circuited winding
(squirrel-cage) in the field poles, secondary currents in the latter
contribute to the starting torque, but at the same time reduce
the magnetic starting flux by their demagnetizing effect. The
torque is produced by the attraction between the alternating
currents of the successive phases upon the remanent magnetism
and secondary currents produced by the preceding phase. It
is necessarily comparatively weak, and from full-load to twice
full-load current at from one-third to one-half of full voltage is
required to start from rest without load. Usually, low~volta,ge
taps on the transformers are used to give the lower starting
voltage.

While-an induction motor can never reach exact synchronism,
but must even at no load slip slightly to produce the friction
torque, the converter or synchronous motor reaches exact syn-
chronism, due to the difference of the magnetic reluctance in the
direction of the field poles and in the direction in electrical
quadrature thereto; that is, the field structure acts like a shuttle
armature and the polar projections catch with the rotating
magnet poles in the armature, in a similar way aa an induction
motor armature with a single short-circuited coil (synchronous
induction motor, reaction machine) drops into step. Obviously,
the single-phase converter is not self-starting.

At the moment of starting, the field circuit of the converter is
in the position of a secondary to the armature circuit as primary;
and since in general the number of field turns is very much larger
than the number of armature turns, excessive e.m.fs. may Toe
generated in the field circuit, reaching frequently 4000 to 6OOO
volts,^ which have to be taken care of by some means, as by
breaking the field circuit into sections, or protecting against ex-
cessive voltages by a squirrel-cage starting winding in the pole
faces. As soon as synchronism is reached, which usually takes